IMPROVED EYE DIAGRAM ANALYZER 
CORRECTLY SAMPLES LOW dv/dt VOLTAGES 



Reference to Related Applications 

A recently developed technique for measuring digital signals to produce eye diagrams is 
5 described in a pending US Patent Application entitled METHOD AND APPARATUS FOR 

PERFORMING EYE DIAGRAM MEASUREMENTS, S/N 10/020,673, filed on 29 October 2001 
by Richard A. Nygaard, Jr. and assigned to Agilent Technologies, Inc. The present Application is 
an improvement to a voltage sampling portion of that technique. For that reason, and to avoid having 
to repeat the majority of what is taught in that previously filed Application, METHOD AND 

10 APPARATUS FOR PERFORMING EYE DIAGRAM MEASUREMENTS is hereby expressly 

incorporated herein by reference. The improvement described herein is also of interest to a related 
alternate technique described in a pending US Patent Application entitled EYE DIAGRAM 
ANALYZER WITH FIXED DATA CHANNEL DELAYS AND SWEPT CLOCK CHANNEL 
DELAY, S/N 132,609, filed 25 April 2002 by Richard A. Nygaard, Jr. and David D. Eskeldson and 

1 5 assigned to Agilent Technologies, Inc. For the same reasons EYE DIAGRAM ANALYZER WITH 

FIXED DATA CHANNEL DELAYS AND SWEPT CLOCK CHANNEL DELAY is also hereby 
expressly incorporated herein by reference. 

Plan of the Application 

What follows now is, in large part, an abridged version of the Background of the "original" 
20 eye diagram analyzer technique and that is described in METHOD AND APPARATUS FOR 

PERFORMING EYE DIAGRAM MEASUREMENTS, combined with the Background from the 
"alternate" eye diagram analyzer technique that is described in EYE DIAGRAM ANALYZER 
WITH FIXED DATA CHANNEL DELAYS AND SWEPT CLOCK CHANNEL DELAY. The EYE 
DIAGRAM ANALYZER ... Application of the alternate technique arose to offer a solution to a 
25 delay-dependent change in voltage calibration in the basic voltage measurement technique used by 

the original eye diagram analyzer technique, and that was called the "sick worm" problem. In short. 



it solved the problem by making the delay involved remain fixed, allowing voltage calibration to 
remain steady. However, both the original and the alternate eye diagram analyzer techniques use the 
same basic voltage measurement technique, which, it turns out, has its own potential (and as yet un- 

■V mentioned) "low dv/dt problem" that we set out to fix with the present invention. 

5 We begin by showing, and without too much comment, the central block diagrams from the 

original and alternate eye diagram analyzer techniques; they are prior art described by the 
incorporated Applications. Those original and alternate eye diagram analyzer techniques each use 
the same basic voltage measurement technique, and at that point it will then be appreciated that a 
single improved voltage measurement technique that is free of the "low dv/dt problem" could replace 

10 that basic voltage measurement technique in each of those eye diagram measurement techniques. 

After those background preliminaries, we will describe a preferred embodiment of an improved 
voltage measurement technique, more or less in isolation, with the understanding that it can be used 
in the original and alternate eye diagram analyzer techniques, as well as in other voltage 
measurement settings. 

15 Background Of The Invention 

Eye diagrams are a conventional format for representing parametric information about 
signals, and especially digital signals. Various prior art eye diagram testers are known, but we shall 
call the technique described in the two incorporated Applications, an Eye Diagram Analyzer, or EDA 
for short. 

20 A modem eye diagram for a digital signal is not so much a trace formed continuously in the 

time domain, as it is an "eye" shape composed of closely spaced points (illuminated pixels) 
representing many individual measurement (time, voltage) samples taken upon separate instances 
of a signal occurring on a channel of interest, and which were then stored in a memory. Each 
measurement sample contributes to a displayed pixel. The eye shape appears continuous because the 

25 collection of pixels is rather dense, owing to the large number of times that the signal is sampled. 

Unhke a true continuous technique, however, there may be detached pixels that are separated from 
the main body of the eye shape. 
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In any event, the vertical axis is voltage, and the horizontal axis represents the differences 
in time (i.e.,various offsets) between sonae reference event and the locations for the measurement 
samples. The reference event is generally an edge of a clock signal in the system under test, 
represents directly or through some fixed delay the expected point in time when the value of an 
5 applied data signal would be captured by some receiving circuit in an SUT (System Under Test), and 

is derived from an application of the SUT's clock to the Eye Diagram Analyzer. The time axis will 
generally have enough length to depict one complete eye-shape (cycle of a SUT signal) centered 
about the reference, with sometimes perhaps several additional eyes (cycles) before and after. 

Different (X, Y) regions within a (sample) space containing an eye diagram represent 

10 different combinations of time and voltage. Assume that the eye diagram is composed of a number 

of pixels, and temporarily assume that the resolution is such that each different (X, Y) pixel position 
can represent a different combination of time and voltage (and vice versa), which combinations of 
time and voltage we shall term "measurement points." What the Eye Diagram Analyzer measures 
is the number of times, out of a counted number of clock cycles, that the signal on the channel being 

15 monitored passed through a selected measurement point. Then another measurement point is 

selected, and the process repeated until there are enough measurement points for all the pixels 
needed for the display. Points along the visible eye diagram trace describe something about those 
(time, voltage) combinations that were observed to actually occur in the data signal under test. The 
value of a (time, voltage) combination is represented by its location, but the color or intensity of the 

20 measured result is determined in a way that assists in further appreciating the meaning of the 

measured data, such as how often a (time, voltage) point was occupied by the signal being measured. 
The range over which the measurement points are varied is called a "sample space" and is defined 
during a measurement set-up operation. And in reality, we define the sample space and the resolution 
for neighboring measurement points first, start the measurement and then let the analyzer figure out 

25 later how to ascribe values to the pixels of the display. The "display" is, of course, an arbitrary 

graphic output device such as a printer or an X Window of some as yet unknown size in a window 
manager (e.g. , XI 1) for a computer operating system. (A one-to-one correspondence between display 
pixels and measurement points is not required. It will be appreciated that it is conventional for 
display systems, such as X Windows, to figure out how to ascribe values to the pixels for an image 
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when the correspondence between the display's pixel locations and the measurements that are the 
original image description is not one-to-one.) 

The EDA of the incorporated "METHOD AND APPARATUS FOR PERFORMING EYE 
DIAGRAM MEASUREMENTS" operates by applying the clock signal from the SUT to a 
5 comparator circuit whose output is then delayed by a fixed amount, say about a half cycle, or some 

integral multiple thereof. The delayed clock comparison is then the reference mentioned above, and 
it used in determining when individually threshold-compared and then delayed data signals (the SUT 
data channels) are sampled. 

This sampling of the individually threshold-compared and then delayed data signals is 

10 actually performed twice in rapid succession, a very brief (but selectable) amount of time apart. If 

these two successive samples (which are comparisons to the same voltage!) are different, then the 
input signal made a transition through the voltage of interest, and we call this a hit. This manner of 
sampling is what we termed the "basic voltage measurement technique" in the Plan Of The 
Application, and it accomplishes the taking of the (time, voltage) pairs that are the basic data of the 

1 5 eye diagram measurement, and it is an alternative to digitizing with a conventional Analog-to-Digital 

Converter (ADC). We use it because it works at frequencies that are impractical for ADCs, and 
because there are often a large number (greater than one hundred) of channels to measure. ADCs are 
large and expensive in comparison to this basic voltage measurement technique. 

In the original METHOD AND APPARATUS ... technique, different sampling voltages are 

20 obtained by varying the comparison thresholds for the data signals. Different times are obtained by 

varying the amount of delay in the data channel path, while leaving the clock data signal path 
essentially fixed. Skew between data channels is removed by introducing corresponding increases 
or decreases in the individual delays of the data channels. 

An advantage of this technique is that, once skew is calibrated out, it allows the delay and 

25 threshold comparison for each data channel to vary independently as needed to complete the 

measurement. That is, the EDA will dwell on a measurement point for say, a specified number of 
clocks, or say, until some other condition is met, before moving on to the next measurement point. 
It sometimes happens that the rate of progress among the channels is not all the same. Hence, the 
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ability to have independent variation by channel allows a faster partial accumulation of the results, 
which can be viewed by the operator as they are obtained. 

There is, however, a disadvantage to this eye diagram analyzer technique as set out in 
"METHOD AND APPARATUS FOR PERFORMING EYE DIAGRAM MEASUREMENTS". The 
5 delay lines used are each a tapped series of non-inverting buffers. The input is applied to the start 

of the tapped series, and the delayed output is taken at the location in the series selected by the tap. 
It is important to remember that each buffer in the tapped sequence has a frequency response (finite 
rise and fall times), and that the combined effect for large values of delay (over a thousand buffers 
in series) is significant. The effective rise and fall time for the stage of delay at the final tap is 

10 considerablv less than that for any single buffer in the sequence, and it can turn an Eye Diagram 

Analyzer into a Worm Diagram Generator as voltage comparison outputs propagating through the 
delay lines appear to become pulses that are either too short or too long, and then fail to properly 
activate the difference detection mechanism. (For brevity, we can't here do justice to the whole, and 
somewhat subtle, chain of cause and effect. Fortunately, we don't need to. Curious readers should 

15 consult the incorporated EYE DIAGRAM ANALYZER WITH FIXED DATA CHANNEL 

DELAYS AND SWEPT CLOCK CHANNEL DELAY). In any event, a cure for this is set out in 
that incorporated Application, even though it still continues to use the same basic voltage 
measurement technique. 

Figure 1 is a simplified block diagram 11 of the original (swept data channel delay) EDA 

20 technique. Figure 2 is a simplified block diagram 12 of the alternate (swept clock channel delay) 

EDA technique. Observe that they both use the same mechanism to sample data channel voltage, 
which is the afore-mentioned technique of noticing that the output of a comparator has changed. 

In particular, note that in Figure 1 a variable SWEPT DATA SIGNAL DELAY 10 produces 
a voltage-compared data channel signal 2 that has been delayed by a variable amount according to 

25 what amount of delay in a cycle of swept amounts of delay is currently in effect. The signal 2 is 

applied to a D input of a latch 3 that is clocked by a clock signal 1 , that while it has been delayed by 
a CONFIGURABLE CLOCK TRIM DELAY mechanism 9, may be thought of as being '^the SUT 
clock". The voltage-compared data channel signal 2 is also applied to the D input of another latch 
4 that is clocked by a slightly delayed (by dt DELAY) version of the clock signal 1 . The idea is that 
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if the SUT data signal for that channel passed through the comparison threshold at a time 
corresponding to the current SWEPT DATA SIGNAL DELAY, then the two latches 3 and 4 will 
capture different values, which condition is detected by XOR gate 6 and used to increment a # OF 
HITS COUNTER 7. We call this mechanism a TRANSITION DETECTOR (8) or a QUANTIZED 
5 dv/dt DETECTOR. 

In Figure 2 there is a block diagram 12 of the swept clock channel delay technique, which, 
it will be appreciated from the figure, has the same TRANSITION DETECTOR (8) or a 
QUANTIZED dv/dt DETECTOR. In fact, the block diagrams 11 and 12 are seemingly identical, 
although they operate in different manners. What used to be a CLOCK TRIM DELAY 9 in Figure 

10 lis now operated as SWEPT CLOCK DELAY 13 in Figure 2, and what used to be SWEPT DATA 

SIGNAL DELAY 10 in Figure 1 is now operated as DATA SIGNAL DE^SKEW DELAY 14. 

It would be desirable for use in either EDA architecture if the voltage measurement 
mechanism were capable of detecting that a signal to be sampled was or was not, to within some 
agreeable tolerance, at a certain voltage, and to do so without relying solely on a transition through 

15 that certain voltage, so that a signal of the certain voltage will produce a hit even if is not in 

transition at the time of sampling. Why this would be a desirable improvement is explained as 
follows. 

With both of the techniques of Figures 1 and 2 the reliance on detecting a transition through 
a certain threshold to decide upon a signal value at the time of sampling remains open to failure to 

20 detect a hit when the signal voltage does not aggressively transition at the time of the sample. The 

basic voltage sampling mechanism relies somewhat on noise in the signal and uncertainty in the 
comparator to cause hits along the top (exerted / not exerted) and baseline (not exerted / exerted) 
signal values. A perfectly clean noise-free signal having no dv/dt between its rise and fall, combined 
with an ideal comparator, would produce no hits except during the rise and fall. So we have a 

25 situation where, if the SUT's signals are really quite good and the measurement hardware is also 

really quite good, then the eye diagram goes away except at the transitions; it would seem that better 
is worse! So far, nobody's equipment is quite that good, but the notion of "better is worse" is a 
disgusting situation that needs to be foreclosed. What to do? 
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Summary Of The Invention 

A sampling transition-through-a-selected- voltage-detector sets two latches to different values 
when an input signal comparator referenced to the selected voltage transitions during a sample 
interval: at the beginning of the sample interval one latch receives one comparison value while at 

' 5 the end of the sample interval the other latch receives an opposite comparison value. A difference 

(XOR) in latched values for the transition detection latches indicates a transition through the selected 
voltage during the sample interval. A solution to the problem of such a transition-through-a-selected- 
voltage detection mechanism's insensitivity to steady state voltages may be solved by including an 
additional latch that is set by a second input signal comparator whose reference voltage is offset 

10 slightly from that used to detect transitions through the selected voltage, and that is also clocked at 

the start of the sample interval. Thus there are two latches clocked at the start of the sample interval. 
If they are different, as indicated by another XOR, then the input was between the reference voltage 
and its slightly offset counterpart, even if the input signal was not in transition, or was steady state, 
at the start of the sample interval. The OR of the two XORs is the desired sampled indication of the 

1 5 value of the input signal for the sample interval, and is latched into an output latch, either at the start 

of the sample interval (for a pipelined system where the output is one state behind the samples) or 
is latched after delay no greater than the length of the sample interval (for a non-pipelined system). 

Brief Description Of The Drawings 

Figure 1 is a simplified block diagram of a prior art eye diagram analyzer that uses swept data 

20 channel delay; 

Figure 2 is a simplified block diagram of a prior art eye diagram analyzer that uses swept 

clock channel delay; 

Figure 3 is a simplified block diagram of an improved hit detection mechanism for an eye 
diagram analyzer using swept data channel delay; and 
25 Figure 4 is a simplified block diagram of an improved hit detection mechanism for an eye 

diagram analyzer using swept clock delay. 
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Description Of A Preferred Embodiment 

Refer now to Figure 3, wherein is shown a simplified block diagram 16 of an improved hit 
detection mechanism for an Eye Diagram Analyzer. In Figure 3 the architecture shown is for swept 
data channel delay. 

5 A conditioned SUT data channel signal 17 is applied to a COMPARATOR 19 that also 

receives a DATA THRESHOLD voltage 20. The logical output signal from the COMPARATOR 
19 is appUed through an adjustable DELAY 23 (the SWEPT part of this architecture arises from 
varying the adjustable delay) to the D inputs of LATCHES 27 and 35. (It will be appreciated that 
the various adjustable delay elements shown are, as set out in the incorporated Applications, tapped 

10 sequences of buffers in series.) 

A conditioned SUT CLOCK IN signal 29 is applied to another COMPARATOR 30 that 
receives a CLOCK THRESHOLD voltage 31. The logical output of the COMPARATOR 30 is 
applied through a CLOCK TRIM DELAY 32 (that is typically set and then left alone) as a clocking 
signal 33 to the LATCH 27, and via an additional DELAY 34 to LATCH 35. DELAY 34 

15 corresponds to the dt DELAY 5 of Figures 1 and 2, and the two LATCHES 27 and 35 of Figure 3 

to LATCHES 3 and 4, respectively (for either of Figures 1 and 2). XOR gate 38 of Figure 3 serves 
the same purpose as XOR gate 6 of Figures 1 and 2, and to this point we have described much of the 
same basic structure as the TRANSITION DETECTOR 8 of Figures 1 and 2. That is, if the DATA 
IN signal 17 experiences at transition through the threshold 20 during a period of time occupied by 

20 DELAY 34, as located by DELAY 23, then the two latches 27 and 35 will have different values, and 

the exerted output from XOR gate 38 will pass through OR gate 39 to set LATCH 40 and produce 
a signal HIT 41 that is then used by the balance of the Eye Diagram Analyzer in ways that are set 
out in the incorporated Applications. 

Now note that the DATA IN signal 17 is also applied to a second COMPARATOR 18 whose 

25 threshold 22 is different from the DATA THRESHOLD 20 by an amount set by an OFFSET 

VOLTAGE 2 1 . The logical output from COMPARATOR 1 8 is applied through DELAY 24 (which 
preferably tracks DELAY 23, save that it may be offset to compensate channel-to-channel skew) as 
signal 26 to the D input of LATCH 28 that is clocked by signal 33. A moment's consideration will 
confirm that if the DATA IN signal 17 is, at the time located by the DELAY 32 (i.e., clocked by 
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signal 33), of a value that is within the (signed) OFFSET VOLTAGE 21 from the DATA 
THRESHOLD 20, then the two LATCHES 28 and 27 will have different values after being clocked 
by signal 33. As a particular example when the OFFSET value 21 is positive, LATCH 27 will be set, 
and LATCH 28 will not be set. The underlying implication that may be drawn is that the level 
5 (voltage value at the time of sampling) of the SUT data signal of interest is close (within the 

OFFSET value 21) to the value of the DATA THRESHOLD 20. On the other hand, if the SUT data 
signal level is safely on one side of the DATA THRESHOLD 20 by an amount exceeding the 
OFFSET 21, then both LATCHES 27 and 28 will be set, while in the other case (voltage level on 
the "other side") neither LATCH will be set. In either case, they (27, 28) are both the same after 

10 being clocked by signal 33. However, as noted, in the case of interest (which is a HIT), the 

LATCHES will be different, and XOR gate 37 will detect such and OR gate 39 will merge this HIT 
indication with the output of XOR gate 3 8 . The merged result is applied to LATCH 40, from whence 
things proceed as usual, save that we are now able to detect HITS that may have eluded the 
TRANSITION DETECTOR 8 of Figures 1 and 2. 

15 Now, the minimum size of OFFSET VOLTAGE 21 is generally small, although it should 

be larger than the equivalent noise level of the system without the extra COMPARATOR 18 and 
LATCH 28. As a maximum limit, it may be set to be comparable to the Y axis voltage resolution 
specified by the operator. Say, for example, in the range of one to one hundred millivolts. However, 
it is best to pick the size of the OFFSET VOLTAGE 21 to be somewhat greater than the specified 

20 voltage resolution (say, 105% or 110%), to prevent the possibility of noise and comparator 

uncertainty conspiring to produce "dead bands" of low dv/dt induced insensitivity (the very problem 
we are wanting to solve ...) from existing between adjacent settings of the DATA THRESHOLD 
value 20. 

Lastiy, note optional DELAY 36. If there were no such DELAY 36 flien the LATCH 40 
25 captures the results for a cycle of CLOCK IN 31 that is one cycle advanced ahead of the present 

cycle. In a pipelined system this is not a major shortcoming, as things are later aligned by pipeline 
delays, anyway. If the delay is present, and chosen to be more than DELAY 34 and less than a clock 
cycle, then "newest" results are clocked into LATCH 41. 
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A brief reference to Figure 4 will reveal a simplified block diagram 45 that is as similar to 
the block diagram 16 of Figure 3 as Figure 2 is similar to Figure 1. The operation of the circuit is 
essentially the same as described for Figure 3, save that the DELAYs 43 and 44 produce a TRIM 
DELAY that de-skews the data channels, and DELAY 42 operates as a SWEPT CLOCK DELAY. 



- 10- 



